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Abstract. Augmented reality (AR) is widely acknowledged to be beneficial for 
services that have exceptionally high requirements regarding knowledge and 
simultaneous tasks to be performed and are safety-critical. In such services, AR 
enables to augment service provision by delivering seamless integration of 
information in the field of view while enabling hands-free usage in the case of 
head-mounted displays. This study explores the user-centered requirements for 
AR solutions in the operations of a large European maritime logistics hub. 
Specifically, it deals with the process of soil sounding. Based on eleven think-
aloud sessions during service delivery, two expert interviews, and two expert 
workshops, we derived five core requirements for AR in soil sounding. Thus, we 
present the first study on the applicability and feasibility of AR in the maritime 
industry and identify requirements that impact further research on AR use in 
safety-critical environments. 
Keywords: Mixed Reality, Service Engineering, Requirements, Think Aloud, 
Case Study  
1 Introduction 
In various industries, new technologies are becoming increasingly important in the 
development and improvement of services, and the use of these technologies has gained 
attention both in service research and in practice [1, 2]. When using new technologies, 
the IT resources either complement or improve the effects of non-IT resources on the 
performance of a process or substitute them [3]. Well-known examples of services that 
were improved by technology are e-tickets in the airline or event business, electronic 
check-in and check-out systems in hotels, and electronic money transfer in financial 
services, etc. [4, 5]. 
As a result, the character of information technology has changed to the extent that it 
has become the focus of new product and service ideas due to technological 
developments both in hardware and software [6]. An example of this is the use of 
augmented reality (AR) head-mounted displays (HMD), through which current 
 
 
challenges, for example, in technical customer services, can be overcome [7]. With the 
help of HMDs, services can be restructured by enabling information to be displayed 
directly into the user’s field of view under hands-free navigation without media breaks 
and limited mobility [8]. As a result, HMDs have a high potential to support [9] and 
improve [10] services such as health care [11], technical customer service [8], and 
logistics services [12, 13].  
While previous studies have largely focused on services in which one task is 
performed, it is not well understood how AR can support services where two separate 
tasks are frequently switched. This is the situation in our use case of water depth 
management where skippers in the service provision of soil sounding simultaneously 
have to navigate their vessels and measure water depth with high accuracy. Since 
mistakes or inaccuracies in the performance of the two tasks of the skipper can have 
serious consequences both directly and indirectly, the use case is a safety-critical 
service, which can generally be characterized by the fact that a “failure might endanger 
human life, lead to substantial economic loss, or cause extensive environmental 
change” [14, p. 547]. Especially, for this reason, effective support and improvement of 
the process of soil sounding are very important as the resulting information is crucial 
for vessels to navigate harbor areas. Consequently, soil sounding is a key service to 
ensure safety for all actors that use the harbor infrastructure as this infrastructure is 
partially dynamic due to tides and currents. An additive complicating factor for an AR 
application on a vessel is that, in contrast to the already difficult implementation of AR 
for cycling or driving a car, there is an additional dimension of motion, namely that of 
the ground, i.e., the water on which the vessel is moving. Against this background, our 
research is guided by the questions (RQ1) How amenable is the service process of soil 
sounding to be supported by AR? and (RQ2) What are the requirements for AR 
solutions to improve the service process of soil sounding? 
To answer the research questions, the paper is structured as follows: First, we give 
an overview of the application of AR solutions in different service processes, 
distinguishing between those with a static setting and those where the environmental 
setting adapts to the user's motion, such as when driving a car. In section 3, we introduce 
the methodology, where we conducted a case study with workshop data, expert 
interviews, and process tracing using video observations and verbal protocols in the 
form of think-aloud sessions. In section 4, we present the use case of water depth 
measurement and analyze it firstly with regard to its augmentability (RQ1). In the 
second part of the analysis, we use the conducted think-aloud sessions to derive the 
user-centered requirements for an AR solution for the service process of soil sounding 
(RQ2). The results and their limitations are discussed in section 6, and in section 7, we 
summarize the main findings and give an outlook on future research issues. 
2 Related Work 
Innovations in the field of service continue to emerge, with many of the innovations 
today being digital by integrating resources throughout service systems [15]. In order 
to apply service innovations and related innovative technologies that can be used to 
 
 
support services, it is important to understand the innovations within the service for 
which they are to be used, their potential, and the requirements involved [16, 17]. 
One technology with a very high potential for service innovation is AR. This 
technology can be used in many different environments that can be distinguished by 
the degree of dynamics. Environments with little dynamics – here called static 
environments – can be characterized by the fact that the user's environment does not 
change because the user does not move in public but is in a limited environment like a 
room in which objects like machines have a fixed, static place. In those scenarios, there 
are already insights on applications of AR, such as the design and prototyping of a see-
through HMD, which was carried out in the aircraft manufacturing industry to reduce 
costs and increase efficiency [18]. Increased efficiency was also observed for the use 
of AR-applied devices in the context of maintenance and repair [19, 20]. In engineering, 
AR welding guns with cameras to track the exact stud locations were used to support 
engineering processes [21]. Another AR application that was investigated is the use of 
smart glasses to support the runtime modeling of services, allowing the process to be 
documented on-site by the service provider during the execution of his activity [22]. 
Further applications of AR do exist in the construction industry [23], marketing [24], 
education [25] as well as healthcare [26, 27]. 
AR use cases in the context of more dynamic mobile settings, on the other hand, 
have been hardly the subject of research so far. These environments can be 
characterized by the fact that they are not limited in space and that objects – in contrast 
to those in static environments – do not necessarily have fixed positions, but the 
positions of these objects can change due to movements so that a motion emanates from 
the user’s environment. One example is the process of driving a car, where the motion 
of other traffic participants influences the own process of driving, e.g., when it is 
necessary to brake because of the car in front brakes. For applications with relatively 
little or slow movement, head-mounted AR tools, such as HMDs, or other portable 
devices used for museum tours can be cited to provide audiovisual enhancements to 
support the tours [28, 29]. With regard to AR applications in the context of faster 
movements, the study by Berkemeier et al. [30], in which requirements for an 
acceptable smart glasses-based information system to support cyclists in cycling 
training are identified, can be mentioned. The aim of the study is to augment 
information such as speed or route details, which would otherwise have to be displayed 
by other devices, into the cyclist's field of view to promote road safety. There are also 
studies on cars in which head-up displays or head-mounted displays are used to display 
relevant information in the driver's field of view in order to reduce risks in road traffic 
[31] or to support driver safety training through simulated dangerous traffic situations 
[32]. 
Furthermore, in other safety-critical services, as it is the case in our use case, there 
are already some investigations on the support potential of AR and how it can be used. 
For example, the user requirements for an AR-based refinery training tool were 
determined for an oil refinery in order to develop usable and safe AR applications [33]. 
Another example is the application of AR in an innovative airport control power, where 
the aim was to provide the air traffic control operators in the airport control tower with 
complete head-up information [34, 35]. 
 
 
Theoretical accounts have developed concepts to capture how technologies affect 
service processes. A well-known theory is the process virtualization theory, which is 
concerned with explaining and predicting whether a process can be performed virtually 
[36]. Examples of virtualized processes include e-commerce, online distance learning, 
or online banking [35, 36]. The theory has been applied and adapted in many different 
contexts, e.g. [35, 37], and was also examined with regard to augmentation, which led 
to the idea of the theory of process augmentability [38], that provides the basis for the 
analysis of the augmentability of our use case of the soil sounding service. 
In contrast to the definition of virtualization, augmentation can be defined as the 
supplement of a synthetic or physical interaction. As a logical consequence, the four 
main constructs of the process virtualization theory concerning the potential removal 
of physical interactions from the process cannot be applied to augmentation. Therefore, 
one main construct – the authenticity requirement, which is based on the essentialist 
view of authenticity [39] and the authenticity framework of Grayson and Martinec [40] 
– is proposed to have a positive effect on the dependent variable, namely process 
augmentability. Process augmentability is described as “how amenable a process is to 
being conducted in AR environments” [38, p. 5]. 
Furthermore, three moderating constructs are proposed that are developed from the 
definition of AR, which is crucial to maintain a sense of hyper-reality [41]. By 
definition, AR must meet three criteria: combine physical and virtual, be interactive in 
real-time, and be registered in the real world [38, 42]. According to the definition, Yeo 
[38] proposed 3D visualization, spatial association, and synchronization as moderating 
constructs hereafter referred to as characteristics. The proposition of the 3D 
virtualization characteristic is informed by cognitive load theory [43]. For the 
characteristic of spatial association, examples were given in [38] of how AR uses the 
geospatial environments to enrich process experiences [20, 21, 26]. In terms of the 
synchronization characteristic, most physical processes conducted in the real world 
tend to be synchronous, and it is therefore important that the physical movement needs 
to be connected to maintain the sense of immersion [36]. 
3 Methodology 
We conducted a case study [44] to explore the requirements for a user-centered AR 
solution for safety-critical services in the maritime sector. The use case we investigated 
was the process of soil sounding, i.e., water depth measurement in a harbor 
environment, which is carried out during navigation on a vessel. 
In order to analyze how amenable the considered use case of the soil sounding 
process is to be supported by AR (RQ1), we first studied a promotional video of a 
European harbor operator that provided us with a contextual understanding of the soil 
sounding process as a foundation for the further analysis. In a second step, we collected 
data by conducting two semi-structured interviews and two workshops with business 
and IT experts of the same harbor operator (see table 1). Both the interviews and the 
workshops were documented by video recording. In addition, more detailed documents 
concerning the use case were provided by the participants, and additionally, notes were 
 
 
taken during the interview and workshop sessions. To get the first ideas of requirements 
for AR solutions for the service process of soil sounding (RQ2), we have briefly 
discussed them in the last part of the workshops with the experts. Since we wanted to 
identify user-centric requirements, we collected additional data with three skippers who 
actually perform the process of soil sounding. 
Table 1. Data table of sources 
In order to gain this central data source, we used the process tracing method [45] of 
thinking aloud [46], where the skippers were asked to “think aloud” and to explain 
everything they do while simultaneously engaging in the soil sounding service, in order 
to analyze which user-centered requirements an AR solution must meet to support the 
soil sounding process. As the situational features of the service are crucial, we extended 
# Source Format Duration 
(hh:mm) 
Focus 
1 Harbor TV Video 00:14 Use case context 
2 Head of IT 
Innovation 
Interview 01:00 Overview case strategy 
3 Deputy Port 
Hydrographer 
Interview 01:00 Deeper understanding of the use 
case context 
4 Deputy Port 
Hydrographer 
Workshop 02:03 Requirements of the use case 
5 Project Manager 
R&D 
Workshop 00:57 Process steps and requirements 
of the use case 
6 Soil sounding 1 Think Aloud 01:27 Soil sounding on a shore 
7 Soil sounding 2 Think Aloud 01:19 Soil sounding of harbor basin 
and berths 
8 Soil sounding 3 Think Aloud 00:19 Follow-up soil sounding in a 
relatively small area 
9 Soil sounding 4 Think Aloud 01:16 Soil sounding in a side arm with 
several bridges and an open lock 
10 Soil sounding 5 Think Aloud 00:28 Soil sounding of a berth on a 
quay 
11 Soil sounding 6 Think Aloud 00:52 Supplementary soil sounding of 
a berth within a control 
measurement 
12 Soil sounding 7 Think Aloud 00:47 Soil sounding of recently 
dredged fields during heavy 
traffic 
13 Soil sounding 8 Think Aloud 00:44 Soil sounding of a dredging field 
14 Soil sounding 9 Think Aloud 00:55 Soil sounding of a widened 
shipping channel 
15 Soil sounding 10 Think Aloud 00:36 Soil sounding of a dredging field 
16 Soil sounding 11 Think Aloud 00:12 Soil sounding after removal of a 
ground obstacle as control 
 
 
the traditional implementation of the method by recording videos from different 
perspectives. For this purpose, we attached a camera to the skippers’ forehead to retrace 
their field of view and another camera on the monitor to observe the skippers directly. 
An exact tracking of eye movements of the skippers was not necessary since only the 
direction of the skippers’ view was relevant. With the help of the two recording 
perspectives and the recorded audio track, we were able to trace the process of soil 
sounding and derive user-centered requirements for an AR solution. As the service is 
critical to maintaining harbor operation, only experienced skippers are considered for 
soil sounding. The think-aloud sessions differ in the type of soil sounding job and its 
focus as well as the difficulty of the soil sounding, which depends on factors such as 
the soil sounding environment or traffic volume (see table 1). 
For analyzing the video recordings and verbal protocols of the think-aloud sessions, 
we used the scanning method, which is one of the four major categories of protocol 
analysis and the most straightforward one [47]. We did not perform a verbatim 
transcription of what was said since the observation of the skippers was the primary 
object of investigation that we used for our analysis. Instead, the statements of the 
skippers helped to supplement and explain what was observed. For the identified video 
sequences in which observed behaviors indicated challenges, we transcribed what was 
said since this often helped to clarify and support the observation. We analyzed the 
video and audio material with three independent researchers and initially focused on 
existing challenges and problems in the process of soil sounding. After identifying all 
difficulties in the process, we derived problem categories by grouping duplicates and 
similar ones. Based on these problem categories, we finally derived the requirements 
described subsequently. 
4 Use Case of Water Depth Management in a Harbor 
Environment 
In the mobile use cases related to touring, cycling, and driving, two dimensions of 
motion occur: the motion of the user – which also occurs in static settings – and the 
motion of the environment. The ground on which the user moves can be described as 
static because it does not show any motion itself, such as a road. In the case of shipping, 
however, there is an additional dimension of motion, which is caused by the movement 
of the water on which the vessel is sailing, e.g., by currents or waves. While already the 
application of AR in cases with two dimensions of motion is difficult to implement, the 
application of AR on a vessel with this additional dimension of motion poses a 
particular challenge that needs to be investigated. 
For our analysis, we chose the service process of water depth management in a 
European maritime logistics hub. Harbor personnel needs to continuously monitor 
water depth change due to sedimentation and erosion. In order to ensure the safety of 
vessel traffic and maintain the infrastructure, water depth management must be ensured 
by continuous soil sounding as well as finding and recognizing nautically critical 
obstacles on the water ground (e.g., bikes, cars, or shopping carts). Special soil 
 
 
sounding vessels are used that have the technical equipment to monitor water depth and 
generate a digital landscape model of the water ground live on board (see figure 1). 
  
Figure 1. Exterior and interior view of a soil sounding vessel 
Figure 2 illustrates the measurement depth management cycle to give an overview of 
the use case context. This states that the measurement of water depths generates 
knowledge, which in turn causes action, such as deepening a certain area. Since this 
action causes a change, the changing area must be controlled by measurement. 
 
Figure 2. Measurement depth management cycle 
The task of measuring water depth is particularly challenging: The skippers of soil 
sounding vessels use echo sounders to measure the water depths in the harbor while 
simultaneously paying attention to the vessel's traffic and keeping an eye on a variety 
of information for measurement on monitors so that they have to permanently switch 
between the monitors and the view out of the window. This leads to limited safety in 
vessel traffic, extreme exhaustion due to the constant change of view and context, and 
several health issues. These side effects of the constant shift of perspective can also be 
observed in other safety-critical services, such as the air traffic control in an airport 
control tower [34]. In addition to the simultaneous navigation of the vessel and 
measurement of data, the skipper needs to interact with a measurement engineer, who 
is accountable for controlling the quality of the measured data. The measurement 
engineer is either also on the vessel or works from the home office. 
 
 
4.1 Augmentability of the Use Case 
Various attempts have already been made to solve the problem of the exhaustive and 
safety-critical shift in perspective between the view from the window onto the shipping 
traffic and the viewing of the data on the monitor. However, for example, the idea of 
placing the monitor in the windshield at the height of the skipper's eyes so that he no 
longer has to look down caused the monitor in the windshield to obscure important 
objects such as other vessels on the water. A further idea to reduce the size of the 
monitor in the windshield in order to avoid overlaying real objects has, in turn, resulted 
in the view of the displayed information and data being too small. Since it is important 
to display information in the skipper's field of view, but a monitor in the windscreen 
overlays important real objects, the application of AR seems to be a good way to solve 
the problem. With the help of AR, information can be displayed in the skipper's field 
of view without completely overlaying real objects. In order to investigate the 
applicability of AR for the use case, we have analyzed the use case with regard to the 
four characteristics that – according to the theory of process augmentability [38] – must 
be present in a process so that an augmentation of the process is appropriate. 
Authenticity. The authenticity characteristic is present in the soil sounding service. 
The skipper requires an authentic experience to be supported in navigating his vessel 
and measuring data during the actual soil sounding process. This process cannot be 
virtualized or simulated due to its high complexity and dependence on the actions and 
decisions of the skipper. Accordingly, the process can only be performed in reality, and 
the information and support required by the skipper must correspond to this reality and 
extend it adequately. 
3D visualization. The 3D visualization characteristic is present in the soil sounding 
process. The skipper requires 3D visualization for an authentic experience because a 
2D visualization of obstacles and other ships is too imprecise, making it difficult to 
estimate sizes and distances, which in turn can affect the quality of the measurement 
data and traffic safety. 
Spatial association. The spatial association characteristic is present in the soil 
sounding process. It is very important for the skipper that information, such as water 
depth and currents, as well as obstacles in the water and other vessels, are displayed 
with geographical accuracy. The skipper requires the possibility to obtain further 
information about, e.g., displayed objects through interaction with them. For example, 
if an obstacle or the water depth is not displayed geographically correct, and the skipper 
does not have access to important information, the vessel may collide with the obstacle 
or run aground. 
Synchronization. The synchronization characteristic is present in the soil sounding 
process. The 3D objects to be augmented and the collected measurement data, as well 
as information about boundary conditions such as currents or the tide, must be 
continuously synchronized and updated, enabling the skipper to use this information to 
navigate his vessel safely and detect possible obstacles and measurement gaps or errors.  
In summary, the soil sounding service is amenable to be supported by AR based on 
the analyzed characteristics and identified needs of the skipper involved in the process. 
 
 
4.2 Requirements for AR Solutions 
Based on the challenges and problems that we have observed in the think-aloud sessions 
and subsequently analyzed, we identified five requirements for designing AR solutions 
for service processes such as soil sounding, which we specified together with the 
experts and skippers of the harbor operator. The identified requirements are (1) real-
time overlay, (2) variety in displaying information, (3) multi-dimensional tracking, (4) 
collaboration, and (5) interaction. 
Real-time overlay requirement. In all of the think-aloud sessions carried out, it 
was observed that during soil sounding, the skipper must be aware of a number of 
factors that may affect navigation and measurement, such as currents, the actual water 
level in the soil sounding area, in-water obstacles, general traffic and the data quality 
of the soil sounding. Since some information can only be acquired with the help of 
sensors and rapidly changing conditions prevail, the visualization of real-time 
information is an essential requirement to ensure that the skipper can navigate his vessel 
safely and, for example, is not in danger of running aground or hitting an obstacle. 
  
Figure 3. Example of the permanent view shift between the sailing window and monitor 
During soil sounding on a shore in the first think aloud (soil sounding 1), the skipper 
explained: “If you like, I’ll probably look 80% here on the monitor and maybe a little 
out the window”. Therefore, a further challenge, which can impair traffic safety and 
even lead to health problems, is the constant shift of the skipper's attention between the 
sailing window to keep an eye on traffic and his monitors to ensure the quality of the 
measured data, as seen in figure 3. To meet this challenge, the elimination of media 
breaks by overlaying information directly into the user’s field of view is required. For 
example, overlaying real-time information about other vessels, such as their position or 
direction of navigation, which is received via the Automatic Identification System 
(AIS) and currently displayed on different monitors, could help to ensure safety. 
The real-time overlay requirement, therefore, arises from the need to display 
information in real-time and to overlay this display in the skipper's field of view in 
order to improve vessel traffic safety, prevent health issues, and reduce cognitive load. 
Additionally, such overlay can drastically improve safety during harsh weather 
conditions that reduce sight while dependence on digital information increases. 
Variety in displaying information requirement. In addition to the frequent 
shifting of view between the vessel’s window and the monitors (see figure 3), a variety 
of sensor information and data about the soil sounding area is displayed on different 
 
 
monitors, resulting in an additional constant shift between the monitors to ensure the 
quality of the measurement. Thereby the available space of the monitors is not 
optimally used, and sometimes even redundant information is displayed (see figure 4). 
However, in order to improve usability and thus enable the skipper to execute the 
measurement efficiently, the skipper requires certain multiple sensor information 
simultaneously, such as different layers or perspectives of the area of soil sounding, 
without information and the representation of this information being displayed several 
times. 
 
Figure 4. Variety of information and monitors on a soil sounding vessel 
Another difficulty that also leads to the current use of multiple monitors is that 
information about the water level in general and the measured areas, which include the 
quality and density of the data, cannot be overlaid in the current IT system but are both 
required to ensure both traffic safety and measurement quality. Therefore, a further 
essential requirement regarding the presentation of information is that different views 
and representation options of the information should be distinguishable. In this context, 
we found out during the various think-aloud sessions that it is useful, for example, to 
have different zoom levels for the maps, since the skipper requires more detail to 
navigate his ship precisely, for instance, when measuring in narrow shore areas, than in 
wider water areas where he needs a greater overview. In several sessions, we could also 
observe that the skippers displayed the required information differently. In some 
measurement situations, for example, displaying the water depths in the measurement 
area using different color scales was more helpful than displaying this information as 
exact numerical values, and vice versa. 
The variety in displaying information requirement, therefore, arises from the need to 
be able to choose different representation options of the information to display on 
demand in order to improve usability and traffic safety as well as ensuring the quality 
of the measurement. 
Multi-dimensional tracking requirement. Compared to other means of transport 
such as bicycles or cars, a vessel has an additional dimension of motion since additional 
movements emanate from the ground, i.e., the water on which the vessel is sailing, 
making it even more difficult to track the vessel’s exact position. However, it is an 
essential requirement for the navigation of the vessel during soil sounding to track the 
exact position of the vessel in relation to the environment. On the one hand, an 
inaccurate position determination can lead to measurement gaps and, accordingly, to a 
 
 
reduced measurement quality and, on the other hand, traffic safety can be impaired by 
incorrect positioning, since, for example, distances to obstacles or other vessels can no 
longer be displayed correctly. 
 
Figure 5. Direct sunlight and reflections 
Tracking of the vessel’s position is also made more difficult by the fact that the skipper 
is inside the ship and perceives the outside world through glass windows, making it 
difficult to avoid direct sunlight and reflections (see figure 5). Although the ships are 
equipped with sun protection roller shutters, which can attenuate the solar radiation, it 
is not possible to completely block the sun's rays without restricting the view outside 
too much by darkening it. Accordingly, the skipper requires tracking that is resistant to 
sunlight and reflections. 
The multi-dimensional tracking requirement, therefore, arises from the fact that the 
skipper needs an exact positioning of the vessel in order to ensure traffic safety and the 
quality of the measurement data. 
Collaboration requirement. During soil sounding, the skipper has to communicate 
a lot with other people to ensure traffic safety and quality of measurement. Both in 
terms of traffic safety and measurement, the skipper has to communicate with other 
vessels by radio in some situations. With regard to the quality of measurement, 
however, the collaboration with the measurement engineer, who is responsible for the 
technical implementation of the depth measurement, such as the configuration of the 
echo sounders, is most important. Before and during the measurement, the skipper and 
measurement engineer must continuously coordinate which areas are to be measured, 
how and when, and when the measuring devices must be activated or deactivated. They 
have to do this under consideration of different boundary conditions, e.g., the current 
water level. If the water level is too low, there is the risk of running aground, and if the 
water level is too high, it is, for example, no longer possible to pass every bridge. But 
above all, the constant communication about the observation of the live measured 
values and the flexible adaption of the course to them is of great importance since areas 
need to be measured again if the data quality is insufficient. A statement made by a 
skipper (think-aloud of soil sounding 7) summarizes very well the importance of the 
collaboration between him and the engineer during soil sounding: ”If I don’t 
synchronize with him [the measurement engineer], nothing will work”. 
To support collaboration, the skipper and the measurement engineer require the same 
visualization of the measuring areas, with additional highlighting of areas being useful 
because, especially when the measurement engineer is at the home office, it is not trivial 
 
 
to understand what about the other person is talking. It would also be useful to visualize 
whether the measurement device is activated and in which area it is currently collecting 
data. In addition, hands-free communication, i.e., without having to pick up a telephone, 
is required both with other vessels and with the measurement engineer, enabling the 
skipper to have his hands free for the navigation of the vessel and thus ensure safety. 
The collaboration requirement, therefore, arises from the fact that the skipper has to 
communicate with other vessels and in particular, has to collaborate a lot with the 
measurement engineer in order to ensure both traffic safety and the quality of the 
measurement data. 
Interaction requirement. The requirement of interaction goes along with the 
above-mentioned variety of displaying information requirement. Currently, 
information on the monitor cannot be manipulated by the skipper, or in other words, 
the skipper cannot interact with the system and is only able to consume information. 
During several think-aloud sessions, we observed that the skipper wanted to change the 
views on the monitor. Since the skipper is not able to interact with the system himself, 
he had to explain the necessary changes to the measurement engineer, who could then 
make the adjustments. It is therefore not possible for the skipper, for example, to show 
or hide information or to zoom into a map to get a detailed view if he requires it, e.g., 
to safely avoid obstacles or close measurement gaps. In order to carry out navigation 
and measurement more safely and efficiently, the skipper requires an appropriate 
opportunity to interact with the system.  
The interaction requirement, therefore, arises from the fact that the skipper requires 
to show or hide important information or select detailed views to ensure traffic safety 
and completeness of the measurement data. Furthermore, the way of interaction should 
be chosen so that the skipper is not distracted from the navigation of the vessel. 
5 Discussion 
So far, little research on requirements for AR solutions has been done. Since the chosen 
use case is even more complex than the prior work on application areas of AR, we 
contribute to the state of research. Prior to investigating what requirements an AR 
solution must meet to support the service process of soil sounding, we examined the 
augmentability of the process using the theory of process augmentability [38]. We 
could determine that all four characteristics – which according to the theory, must be 
present in a process – are existent in the process of soil sounding so that an 
augmentation of the process is sensible and could help to facilitate and improve the 
process. This result is consistent with the taxonomy study by Klinker et al. [48], who 
investigated for which processes in logistics an AR application is appropriate. As the 
process of soil sounding is a difficult case from practice, and therefore laboratory 
conditions are not given, implementing an AR solution is a big challenge, but it should 
be tackled to support practice. 
In sum, we derived five core requirements from the case of soil sounding for the 
application of AR, namely (1) real-time overlay, (2) variety in displaying information, 
(3) multi-dimensional tracking, (4) collaboration, and (5) interaction. In addition, three 
 
 
general underlying requirements emerge related to traffic safety, health, and usability, 
which are included in all five requirement areas. Compared to the requirements for 
smart glasses-based AR systems for cycling training [30] and to the use of AR in driving 
situations [31, 32], there are some similarities because in all these cases, an AR solution 
has to be applied in a mobile environment and the users act in a traffic situation. Both 
a failure in road traffic and one in the navigation of a vessel in shipping traffic can have 
serious consequences. In contrast to cycling or driving a car, however, our use case 
takes place in an environment where there is a further dimension of motion and 
consequently more degrees of freedom. Therefore, the multi-dimensional tracking 
requirement poses an even greater challenge to existing AR hardware as it is in the case 
of road traffic. Especially for soil soundings, where the measurement had to be carried 
out in a narrow area or where there was a high volume of traffic, exact tracking is 
essential. This applies not only to soil sounding vessels but to all other types of vessels 
as well, whereby the failure tolerance decreases as vessels approach narrow or restricted 
fairways and increasing traffic density [49]. Furthermore, the use case of soil sounding 
gains in complexity since the user has to perform another task in addition to navigating 
the vessel, namely the service task of depth measurement in order to ensure harbor 
infrastructure and thus traffic safety. Moreover, from a methodological point of view, 
our approach contributes to new standards of research. By underpinning the thinking 
aloud method with video material from various perspectives, we were able to gain the 
best possible understanding of the spatial implications and requirements for AR. 
Thereby the enriched thinking aloud material helps to gain further insights and 
learnings about the user-centered requirements. Additionally, our approach is beneficial 
in environments that do not meet the standards of typical scientific interviews by being 
noisy, weather-dependent, and dirty. 
However, our approach is not entirely free of limitations. Since we have only focused 
on one specific use case, that of soil sounding in water depth management, our results 
are contextual. Nevertheless, we assume a transferability to other use cases. For this 
purpose, further use cases in the maritime logistics environment could be considered. 
One possible case is the dredging industry, which is responsible for adjusting and 
dredging the water depths. Furthermore, use cases in the field of pilotage in the harbor 
could be considered. Moreover, a floating drone is used for water depth management 
and soil sounding. Also, in this case, potentials are recognizable, since with the help of 
AR, for example, the drone operator could take a first-person view in addition to a third-
person view regarding the drone. 
6 Conclusion 
In summary, we have shown that the soil sounding service is augmentable in general. 
Knowing the augmentation potential, we derived five user-centered requirements for 
the soil sounding process, using the results of the thinking aloud sessions as a 
foundation: (1) real-time overlay, (2) variety in displaying information, (3) multi-
dimensional tracking, (4) collaboration, and (5) interaction requirement. The 
requirements for an AR solution, which we have determined with regard to the 
 
 
navigation task of the skipper, correspond to the results of previous research on AR 
applications in road traffic. However, never before has such a complex process as that 
of soil sounding been investigated, so we are contributing to the research at this point. 
On the one hand, the moving vessel in combination with the moving user inside the 
vessel poses a great challenge in terms of multidimensional tracking possibilities. On 
the other hand, it is a knowledge-intense process that requires multitasking, i.e. a 
constant shift between the navigation of the vessel and the measurement of water depth, 
and collaboration with the measurement engineer. Furthermore, the process is subject 
to enormous safety critical requirements, which must be considered additionally.  
Besides the above-mentioned tracking, future challenges will be to determine 
whether supporting the process with AR is beneficial for the skipper from a user 
perspective and, if so, in what form AR can be used to achieve the greatest possible 
advantage. For this purpose, a prototypical implementation and evaluation will be 
initiated in the future to explore the subjective usefulness of AR in the soil sounding 
context. In this context the requirements should be evaluated more detailed with experts 
from the maritime industry as well as AR solution developers regarding their technical 
feasibility, whereby the focus should be on interfaces, data types and data quality. Not 
least, the transferability to other use cases, e.g. in the harbor environment and general 
industrial as well as logistic scenarios, remains to be investigated. 
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